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Abstract: High prevalence of chronic and infectious diseases in Indigenous populations is a major
public health concern both in global and Australian contexts. Limited research has examined the
role of built environments in relation to Indigenous health in remote Australia. This study engaged
stakeholders to understand their perceptions of the influence of built environmental factors on
chronic and infectious diseases in remote Northern Territory (NT) communities. A preliminary set of
1120 built environmental indicators were systematically identified and classified using an Indigenous
Indicator Classification System. The public and environmental health workforce was engaged to
consolidate the classified indicators (n = 84), and then sort and rate the consolidated indicators based
on their experience with living and working in remote NT communities. Sorting of the indicators
resulted in a concept map with nine built environmental domains. Essential services and Facilities for
health/safety were the highest ranked domains for both chronic and infectious diseases. Within these
domains, adequate housing infrastructure, water supply, drainage system, reliable sewerage and
power infrastructure, and access to health services were identified as the most important contributors
to the development of these diseases. The findings highlight the features of community environments
amenable to public health and social policy actions that could be targeted to help reduce prevalence
of chronic and infectious diseases.
Keywords: indigenous populations; public health; environmental health; built environment; housing;
environmental indicators; communicable diseases; chronic diseases; public policy; perception
1. Introduction
The World Health Organisation (WHO) estimates that about 22% of the global burden
of disease, and 23% of all deaths are attributable to modifiable environmental factors [1].
Disease burdens associated with environmental exposures are largely the result of chronic
(e.g., cardiovascular) and infectious (e.g., respiratory) diseases. The WHO calls for creating
and maintaining healthful environments as a priority for primary prevention [1]. This call
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is supported by the Aboriginal and Torres Strait Islander (hereafter respectfully referred to
as Indigenous) leadership [2,3], who have been advocating for improvements in environ-
mental living conditions due to the lowest life expectancy and greater disease burden in
Australian Indigenous communities [4,5].
The gaps in life expectancy, mortality and disease burdens between Indigenous and
non-Indigenous Australians are primarily driven by preventable chronic disease and
infectious disease [6,7]. Indigenous people living in remote areas, particularly in the
Northern Territory (NT) of Australia, experience poorer health outcomes compared to
Indigenous people living in other Australian states and territories [8,9]. The high prevalence
of chronic and infectious diseases in remote Indigenous communities is deemed to have
resulted from the interaction between Indigenous peoples’ exposure to rapid environmental
changes following the discriminatory policies and actions relating to colonization [10,11].
Indigenous peoples’ exposure to a westernized way of living in a changed environment
was associated with the adoption of unhealthful lifestyle behaviors including smoking,
physical inactivity and alcohol consumption [12].
So far, existing research has tended to attribute the development of chronic disease
and infectious disease in Indigenous Australians to individual-level behavioural ‘risk
factors’ [9,13–15]. Studies generally overlook that individual-level behavioural ‘risk factors’
may reflect underlying collective exposure to ‘risk conditions’—that is, unfavourable built,
social, cultural and political environments [12]. This study was grounded on the notion
that the features of the places where people live, particularly built environmental living
conditions, and the opportunities these places provide for making healthy choices, shape
people’s health behaviour, and thus the risk factors for chronic disease and infectious
disease more broadly [16,17].
A growing body of research has measured the effects of built environmental factors on
chronic disease and infectious disease outcomes in non-Indigenous populations [18]. Stud-
ies have identified that features of built environments such as poor sports and recreational
facilities, limited opportunities for walking and cycling, automobile use and exposure to
indoor allergens can increase the risk of chronic disease [12,19,20]. Evidence also suggests,
that healthful residential public open space (e.g., greenness) can protect against psychologi-
cal distress [21]; by contrast, dwelling density, proximity to fast food outlets, unhealthful
public open space can exacerbate Body Mass Index (BMI) and waist circumference [22]. It
is acknowledged that elements of the built environment vary by community context and
can influence health via different biological, behavioural and psychosocial pathways in
both Indigenous and non-Indigenous populations [12,23,24].
Limited research has investigated associations between the built environment and
Indigenous health, particularly for remote communities in the NT. Of the research that
has been conducted, most has characterized aspects of housing-related built environment
infrastructure and infectious disease [25,26]. These studies report that housing issues such
as overcrowding, unreliable running water and power supply, non-functional sewerage
facilities and inadequate waste disposal greatly impact health, particularly infectious
diseases, of Indigenous communities.
Given that infectious diseases, if not treated early in their onset, contribute to the
development of chronic diseases, it is essential to examine both chronic disease and in-
fectious disease in relation to remote community environmental living conditions [27,28].
Inadequate and unsanitary living conditions directly and indirectly influence the spread
of bacterial and non-bacterial infections [29]. Frequently observed infections in remote
Indigenous communities are generally transmitted by physical person-to-person contact,
fomites (transmission of infection by objects, when viruses or bacteria remain on surfaces),
and through animals in highly contaminated home or community built environments.
Improving built environmental living conditions can play an important role during disease
outbreaks, such as the coronavirus, SARS-CoV-2 (COVID-19), impacting compliance with
the public health measures including hand washing, physical distancing and isolation of
infectious disease cases [30].
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Federal, state and territory governments in Australia fund strategic programs and
services to improve the environmental living conditions in Indigenous communities to
reduce the disparities in health outcomes. As part of the ‘Closing the Gap’ strategy, all
levels of government use a range of indicators to monitor and evaluate the performance and
functioning of essential services and community infrastructure. Despite a call for evidence-
based policy making to ensure transparency and accountability in funding management for
program and service delivery in remote Indigenous communities [31], it is not clear which
remote built environmental living conditions should be prioritized for ongoing monitoring
and surveillance by environmental and public health authorities.
The primary aim of this study was to engage Indigenous and non-Indigenous public
and the environmental health workforce members (i.e., frontline, managerial and policy-
level staff) in a strategic planning process to prioritize built environmental factors that they
deem to influence the development of chronic disease and infectious disease in remote
Indigenous communities in the NT, Australia. Using a participatory mixed-method Group
Concept Mapping (GCM) research approach the objectives of this study were to:
(1) consolidate built environmental indicators relevant to the development of chronic
disease and infectious disease;
(2) engage stakeholders to sort a set of consolidated built environmental indicators into
conceptually meaningful groupings;
(3) engage stakeholders to rate a set of consolidated built environmental indicators on
perceived importance in relation to their influence on chronic disease and infectious
disease; and
(4) engage stakeholder organizations in the interpretation and utilization of the results to
further inform environmental public health practice in remote Indigenous communi-
ties in the NT.
2. Materials and Methods
2.1. Study Context
This GCM study was nested within a four-year Australian National Health and
Medical Research Council (NHMRC) funded project grant titled ‘Environments and Re-
mote Indigenous Cardiometabolic Health (EnRICH)’. The EnRICH Project aimed to eval-
uate features of social, built and physical (e.g., temperature) environments in relation to
community-level cardiometabolic disease outcomes in 123 remote Indigenous communities
of the NT [23]. With an area of approximately 1,348,094 square kilometers, and covering
one-sixth of the Australian landmass, the NT is the third-largest Australian federal division.
The vast majority of the NT landmass is classified as ‘remote’ following the Australian
Standard Geographical Classification (ASGC) Remoteness Area [32]. According to the 2016
Census of Population and Housing [33], there were 228,833 people living in the NT, of
which 58,248 people (25.5%) were Indigenous. Approximately 80% of the total Indigenous
population living in the NT, lived in a remote or very remote area [33].
2.2. Research Approach
This GCM study undertook an integrated knowledge translation (iKT) approach,
identified as best practice for population and public health research [34,35]. A working
group was formed, comprising seven frontline and policy-level Indigenous (n = 2) and
non-Indigenous (n = 5) members from the public and environmental health workforce
with experience living and/or working in remote communities, and its intersection with
environmental and public health policy and practice in the NT. Decision makers and
frontline staff were viewed as experts on the local environmental living conditions affecting
the health of Indigenous people living in remote communities. Having senior project
officers and policy level decision makers in the working group contributed to the concept
mapping study in several ways: (1) making the research protocol relevant to the local
context; (2) obtaining organizational support; (3) brokering participation of the frontline
Int. J. Environ. Res. Public Health 2021, 18, 5178 4 of 17
workforce; and (4) facilitating the interpretation and translation of the results, to inform
areas of focus for public and environmental public health policy and practice.
Engagement with government and not-for-profit stakeholder organizations in the NT
suggested that the project needed to focus on built environmental factors in relation to the
development of both chronic and infectious diseases. Initially the focus of this study was
on chronic disease. Therefore, the research responded to identified stakeholder concerns,
and was expanded to include infectious disease.
In order to ensure cultural integrity, an Indigenous cultural mentor (A.CH.) was
engaged as part of the study team who provided cultural oversight throughout the research
process, from identification of preliminary set of built environmental indicators to data
analysis and interpretation of concept maps. A.CH., a Wakamin man from Northern
Queensland, Australia has extensive experience in research and teaching in the Indigenous
health and social policy sector. A.CH. is also a respected Aboriginal elder, and he is well
known nationally for his advocacy and dedication to Indigenous health and health research.
2.3. Study Design: Concept Mapping
GCM methodology was selected as it engages stakeholders in a systematic and trans-
parent approach to identifying, as well as prioritizing strategies on a topic of practical
and/or policy relevance to facilitate knowledge translation [36]. This mixed-method ap-
proach has evolved over a period of nearly 35 years and has been widely applied in public
health, environmental health, and program evaluation [37,38]. GCM utilizes both qualita-
tive and multivariate statistical techniques to represent stakeholders’ ideas visually in a
series of interpretable two-dimensional maps [39]. This GCM study followed the proce-
dures outlined by Kane and Trochim [39], and drew on some of the research team members’
prior experience with application of the methodology in Indigenous and non-Indigenous
context in Australia and New Zealand [40–42]. The study was implemented in a six-step
sequential process comprising preparation, brainstorming, sorting and rating, analysis,
interpretation, and utilization of the results [39].
2.3.1. Preparation
The preparation step involved developing the research question and study materials,
identifying and recruiting participants, arranging logistics for stakeholder participation,
and obtaining ethical approval. A forward statement, a focus prompt, and two perceived
importance rating questions were developed to guide the study. A set of demographic
questions was developed covering areas of work, type of organization, ethnicity/ancestry,
years of work experience in Indigenous communities, and position/role. The preparation
activities were reviewed and refined by the Indigenous cultural mentor, and the working
group members who also facilitated obtaining organizational support prior to inviting
participants into the study.
This study sought to engage Indigenous and non-Indigenous frontline workers, as
well as managerial and policy-level staff members, who worked in, or had responsibility to
provide, environmental and/or public health services in one or more of the identified re-
mote Indigenous communities in the NT. The types of roles or positions of the participants
involved in this research included: Environmental Health Officers, Primary Health Care
Workers, Program Development Officers, Project Officers, Team Leaders and Managers.
These workforce members were identified as having the greatest knowledge of remote
community environments, and associated built environmental indicators in the NT. Al-
though all participants had experience delivering services in remote communities, some
participants were responsible for providing public and environmental health services to
rural and urban communities as well.
Multiple strategies were used to recruit participants, including utilizing existing
relationships with the EnRICH Project stakeholder organizations. A number of government
and Indigenous community-controlled health organizations working in the areas of public
and environmental health in the NT were invited to participate in the research project.
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These included a state-level government environmental health agency, a not-for-profit
veterinary and health promotion organization, a community-controlled infrastructure and
technology organization, a community-controlled health organization, two regional offices
of a federal government department, and a regional council. Obtaining organizational
support was necessary prior to inviting participants into the study. This required travel to
different forums and meetings in Darwin, Alice Springs and Katherine of the NT to explain
the research project and benefits of participation to key stakeholder organizations. As
relationships with organizations were developed, and organizational support was obtained,
their Indigenous and non-Indigenous staff members were then invited to participate in the
study. Potential participants were subsequently emailed an information sheet, and consent
form, with supporting materials relevant to the study.
Concept System Global Max (version 4.0, Concept Systems Incorporated, Ithaca, NY,
USA) software was used to engage participants online, and to manually enter data that
were collected from face-to-face sorting and rating sessions.
2.3.2. Brainstorming
The brainstorming activity in this GCM study was informed by a preceding scoping
review of community-level strategic planning documents [43]. A group of experienced
Indigenous (A.CH., and A.B.) and non-Indigenous researchers (A.C., N.J.H., M.D., N.S.,
and M.C.) with expertise in community engagement and Indigenous culture, spatial
epidemiology, health promotion, and prevention of chronic disease and infectious disease
guided the identification of documents, and extraction and synthesis of built environmental
indicators as part of the scoping review. An established Indigenous Indicator Classification
System (IICS) [44,45] was integrated in the scoping review [43] to guide the classification,
measurement and validation of existing built environmental indicators from Indigenous
community members’ perspectives. The IICS was adapted from the “German System of
Social Indicators” through a collaboration of Indigenous and non-Indigenous researchers,
and community stakeholders from Canada, Australia and New Zealand [44,45].
Following structured statement synthesis process [39], undertaken by the first author,
the classified indicators generated from the scoping review were consolidated into common
themes (n = 105) and then transformed into statements (n = 84) for subsequent sorting and
rating activities. The final pool of common themes and statements were reviewed and
refined by the working group. The brainstorming activity was guided by the following
focus prompt:
A list of built environmental living conditions that contribute to the development of
preventable chronic disease and infectious disease in remote Indigenous communities
is given below. This information is taken and summarized from the publicly available
planning documents that were developed through community consultations. Please
review the following list and refine/add further built environmental living conditions
that you think contribute to the development of chronic disease and infectious diseases in
Indigenous communities where you live and/or work . . . .
2.3.3. Sorting
Participants who provided voluntary informed consent, completed the sorting tasks
either face-to-face or online. The face-to-face sorting exercise was generally held in a group
workshop setting but participants were asked to complete the task individually, and not
to consult with one another. Participants who chose to complete the sorting on-line were
sent a sorting web-link for the Concept Systems Global Max software hosted within the
http://www.conceptsystems.com/ website (accessed on 12 May 2021). Upon entering the
Concept Systems website via the link, participants were guided to the project introduction
page to re-read the participant information sheet, and then self-register/sign-up by creating
a user profile. The project home page included further instructions, including a number of
chronological activities to be conducted. Sorting the indicator statements online required
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following the same instructions as the face-to-face exercise for grouping and labelling of
the piles.
Following the recommended procedure [39], participants were asked to group all
the 84 consolidated indicator statements into separate piles according to their perceived
similarity. Four key rules were applied in sorting the statements: (1) the statements cannot
be placed into just one pile; (2) each statement cannot form a pile on its own; (3) dissimilar
(unrelated) statements cannot be grouped together in one pile (i.e., a miscellaneous pile);
and (4) sorting the statements into a minimum of 8 piles and maximum of 20 piles was
recommended.
2.3.4. Rating
The rating activity involved the same participant groups as those of the sorting activity.
Stakeholder participants who provided voluntary informed consent also completed the
rating tasks either face-to-face or online. The face-to-face rating exercise was generally held
in a group workshop setting on the same day that the participants completed the sorting
tasks. Similar to the on-line process as described above for sorting, following the receipt of
consent for participation, those participants who chose to complete the rating online were
sent a rating web-link for the Concept Systems Global Max software hosted within the
http://www.conceptsystems.com/ website (accessed on 12 May 2021).
Two sets of rating sheets were produced by the authors (A.C. and N.J.H.) and dis-
tributed to participants that contained the same 84 indicator statements on each, with
one set under the category of ‘chronic disease’, and the other under ‘infectious disease’.
Participants were asked to rate the statements relative to each other using a 5-point scale,
representing 1 = not at all important, and 5 = extremely important. Participants were also
reminded that they needed to consider the full range of the 5-point scale when rating the
indicators. The prompts reported below guided assignment of the ratings.
Rating activity—chronic disease: For Aboriginal and Torres Strait Islander people living
in remote communities, please rate on a scale of 1 to 5 how important each of the following
statements are in relation to their influence on chronic disease (e.g., type 2 diabetes,
kidney disease, heart disease). The influence of the environment on chronic disease
can be direct or indirect.
Rating activity—infectious disease: For Aboriginal and Torres Strait Islander people
living in remote communities, please rate on a scale of 1 to 5 how important each of the
following statements are in relation to their influence on infectious disease (e.g., skin
infection, ear infection, respiratory infection). The influence of the environment on
infectious disease can be direct or indirect.
2.3.5. Analysis
Data generated from the sorting and rating activities was entered into Concept Systems
Global Max software for analysis. A unique binary matrix of similarities was created based
on the sort information from each participant. This binary similarity matrix was the input
for non-metric multidimensional scaling (MDS) analysis which represents the dis(similarity)
of the statements in terms of distance in Euclidean space. In MDS analysis, each statement
has an assigned x and y value resulting in a bivariate plot of coordinates generating a point
map [46]. The indicator statements grouped together frequently in the sorting activity
ended up positioned closer to each other. At this stage, a stress index was calculated to
provide a diagnostic estimate indicative of how well the data from the similarity matrix
fit the point map. Stress values range from 0 (perfect fit) to 1 (worse fit), with an index
between 0.205 and 0.365 considered to demonstrate a good fit for a field based concept
mapping study [47].
The x and y coordinates from the MDS analysis were used as input for the hierarchical
cluster analysis which partitioned the points on the map into non-overlapping clusters.
Although there is no strict mathematical criterion to determine the optimal cluster solution,
selection of the number of clusters can be influenced by the anchoring of statements on the
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map, statement and cluster bridging values, stress index, and non-overlapping conditions
of the cluster solution. A review of concept mapping studies reported a median cluster
solution of about 9 clusters and range of 6 to 14 clusters [48]. Further, bridging values
ranging from 0 to 1 were calculated for each statement and cluster. A lower bridging value
(e.g., 0.10) indicates a ‘tighter’ relationship between the statements within each cluster
and a close association to specific areas of the map compared to statements with higher
bridging values (e.g., 0.81).
For the rating data, average importance ratings were computed separately for chronic
disease and infectious disease across all statements within clusters and visually displayed
in a bivariate ladder graph (pattern matching). Independent sample t-tests and confidence
intervals (CI 95%) of importance ratings were calculated for the assessment of statistically
significant differences between the clusters.
A four quadrant ‘Go-Zone’ map, which visually depicts the importance relationships
at the indicator statement level, was produced. The coordinates for each statement were
plotted as a point in one of the four quadrants. Each point in a ‘Go-Zone’ map represents
the average rating for each indicator statement in the cluster. The name ‘Go-Zone’ reflects
the top right-hand green quadrant on the map illustrating the statements of greatest
importance or highest priority in relation to both chronic and infectious diseases, depicted
by greater-than-average importance scores given by the participants.
2.3.6. Interpretation and Utilization
In this study, stakeholders were engaged at the beginning to foster ownership and
facilitate the utilization of the findings. Following the completion of data collection and
analysis, the resultant concept maps were interpreted in three separate structured group
sessions by stakeholder participants from frontline (n = 7) and managerial and policy (n = 4)
workforce in public and environmental health in the NT. Any changes to the clusters or
the map were made with consensus from the participants. Cluster labels and the optimal
number of clusters in the solution were then finalized with stakeholder input.
3. Results
3.1. Participant Characteristics
Table 1 summarizes participant demographic characteristics for the sorting and rat-
ing activities. Of the 55 participants invited to participate, 29 participants completed the
sorting task whereas, 42 participants completed the rating task. About 90% (n = 26) of the
sorting participants were engaged face-to-face to sort the indicator statements. Similarly,
about 88% (n = 37) of the rating participants were engaged face-to-face to rate the indicator
statements. Remaining participants completed these activities online. The majority of
participants, including nine Indigenous participants, were from the government public and
environmental health sectors, with responsibility for covering predominantly remote geo-
graphic regions of the NT. Most participants identified as non-Indigenous, and had 6 years
or more experience in their respective positions. Further, most participants represented the
frontline workforce.
3.2. Sorting
Based on stakeholder participant inputs, a nine-cluster concept map with a stress
value of 0.313 was deemed the optimal solution in terms of sorting data and point distances
between the 84 indicator statements (see Supplementary File: Table S1 for a description
of each of the 84 indicator statements). During the sorting activity, the median number of
piles created by individual participants was 10 (range 4–18). The concept map illustrated
in Figure 1 depicts four overarching regions of similarity, which pertain to: (1) critical
community infrastructure; (2) health and human capacity development; (3) community
vitality; and (4) protecting and maintaining natural environments. The ‘essential services’
(bridging value 0.08; range 0.00–0.23) and ‘community economic resources’ (bridging
value 0.81; range 0.71–1.00) clusters represent statements with the lowest and the highest
Int. J. Environ. Res. Public Health 2021, 18, 5178 8 of 17
average bridging values, respectively (see Supplementary File: Table S1). These bridging
values reflect that indicator statements within the ‘essential services’ cluster were grouped
together more frequently and are firmly anchored to their position on the map, while the
statements within the ‘community economic resources’ cluster were frequently grouped
together with statements which were not in their immediate vicinity.
Table 1. Demographic characteristics of participants in the sorting and rating activities.
Categories Sorting (n = 29) Rating (n = 42)
Type of organization
Government 26 (90%) 36 (85%)
Aboriginal and Torres Strait Islander Community Controlled 3 (10%) 4 (10%)
Other non-government organization 0 (0%) 2 (5%)
Areas of work
NT mostly remote 18 (62%) 24 (57%)
NT mostly rural 4 (14%) 5 (12%)
NT mostly urban 7 (24%) 9 (21%)
Other remote 0 (0%) 4 (10%)
Indigenous status
Aboriginal 9 (31%) 10 (24%)
Neither Aboriginal or Torres Strait Islander 20 (69%) 32 (76%)
Duration in the position
<6 years 9 (31%) 13 (31%)
6–9 years 2 (7%) 5 (12%)
≥10 years 18 (62%) 24 (57%)
Position or role
Frontline worker 18 (62%) 25 (60%)
Project Officer 4 (14%) 4 (10%)
Program Manager 1 (3%) 6 (14%)
Policy Officer 2 (7%) 2 (5%)
Other managerial or policy level position 4 (14%) 5 (11%)
3.3. Rating
The relative mean importance ratings across all participants (n = 42) for the 84 indicator
statements and their corresponding 9 clusters are provided in Supplementary File: Table S1.
The importance ratings in relation to chronic disease ranged from 1.71 to 4.83 (M = 3.31,
SD = 0.73), and for infectious disease ranged from 1.90 to 4.88 (M = 3.29, SD = 0.81). At the
cluster level, the aggregated average importance rating for all clusters in relation to chronic
disease ranged from 2.51 to 4.02 (M = 3.21, SD = 0.47), and for infectious disease ranged
from 2.39 to 4.12 (M = 3.13, SD = 0.55).
The “ladder graph” or pattern match illustrates the level of agreement between
average cluster ratings on perceived importance for chronic disease and infectious disease.
Figure 2 depicts that the ‘essential services’ cluster was ranked the highest for infectious
disease and the ‘facilities for health and safety’ cluster, ranked the highest for chronic
disease. The correlation coefficient between the mean importance ratings at the cluster
level was very strong (r = 0.93), demonstrating similarity in the average cluster ratings.
An Independent Samples t-test indicated perceived mean importance ratings between
chronic disease and infectious disease were not statistically significantly different.
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Figure 3 illustrates of all 84 indicator statements, 30 were located within the green ’Go-
Zone’. The overall correlation between the perceived importance ratings for both chronic
and infectious disease was strong (r = 0.89). An additional analysis of relative representation
of cluster statements (expressed as a proportion) suggests, four of the nine clusters had 40%
or more of their indicator statements plotted in the green ‘Go-Zone’ (see Supplementary
File Table S1). Approximately 67% of all statements within the ‘essential services’ and
the ‘facilities for health and safety’ clusters were located within the green ‘Go-Zone’. The
indicator statements within the ‘essential services’ cluster of highest importance, both for
chronic and infectious diseases, were related to ‘access to power and water (statement ID#
15, 23, 36, and 83)’, ‘sewerage and septic system (ID# 9 and 84)’, ‘maintenance of housing
infrastructure (ID# 43)’, and ‘regular rubbish collection (ID# 20)’. Most notable among these
indicator statements is ‘access to continuous water supply’ (ID# 23)’ which received the
highest average importance rating (i.e., 4.81). The indicator statements within the ‘facilities
for health and safety’ of highest importance, both for chronic and infectious diseases, were
related to ‘adequate housing (ID# 4)’, ‘hospital services (ID# 6)’, ‘community health services
(ID# 74)’, and ‘aged care (ID# 79)’. Three clusters, i.e., ‘transportation and communication’,
‘environmental protection and climate change’, and ‘community economic resources’ did
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tion concept map, with four regions (Figure 1): (1) critical community infrastructure,
(2) health and human capacity development, (3) community vitality, and (4) protecting
and maintaining natural environments. The key findings within each region, and their
implications for Indigenous health and wellbeing, including COVID-19 disease outbreak,
are highlighted below.
The ‘critical community infrastructure’ region comprised three clusters, of which the
‘essential services’ cluster ranked as the highest in perceived importance for infectious
disease. Within the ‘essential services’ cluster, power supply (statement ID# 36, and 83),
water and sanitation (ID# 9, 13, 15, 23, and 84), and housing maintenance (ID# 43) were
perceived the most dominant. environmental living conditions. These core features of
community infrastructure have important health implications for remote communities
in the NT [49–52]. For instance, a reliable power supply ensures that remote community
households can store their foods properly refrigerated to avoid the spread of infectious
diseases such as gastrointestinal disease. A continuous supply of water supports good
hygiene (e.g., washing hands, washing clothes) to protect children and family members
from scabies and respiratory infections [53].
Similarly, the ‘health and human capacity development’ region comprised three clus-
ters, of which the ‘facilities for health and safety’ cluster ranked as the highest in perceived
importance for chronic disease. Within the ‘facilities for health and safety’ cluster, access
to health services (ID# 6, 74, and 79), and adequate residential housing infrastructure (in-
cluding housing condition and overcrowding) (ID# 4) were perceived the most dominant
environmental living conditions. These features of community environment also have
important implications for Indigenous health and wellbeing [52,54]. For example, the liter-
ature highlights the physical presence, accessibility, and utilization of primary, secondary
and tertiary health services as a major contributor to chronic disease management. This
health infrastructure allows Indigenous community members to get health checks, partici-
pate in community-based healthy lifestyle activities, and engage in programs to manage
their type 2 diabetes [54,55]. On the other hand, common infectious diseases (e.g., gastroin-
testinal, respiratory, acute rheumatic fever) in remote Indigenous communities have been
associated with unhealthy and non-functional residential housing infrastructure [49,56].
For example, lack of quality water supply to and broken toilets and taps can preclude
remote community households to maintain hygiene to protect from the development and
transmission of acute rheumatic fever and diarrheal diseases.
These findings can be contextualized in the current COVID-19 pandemic scenario,
where access to a continuous water supply and adequate residential housing infrastructure
are considered essential prerequisites for ensuring good sanitation and hygiene prac-
tices [30]. Inadequate or faulty home hardware, overcrowding, and lack of housing repairs
and maintenance, can make it challenging for communities to respond to and recover
from infectious disease outbreaks [25]. Issues related to the access and utilization of health
services during the pandemic could also be much worse for remote and rural communities
than for regional and urban communities [57,58]. A few studies highlight the lack of
adequate transportation facilities for Indigenous people to access health services, which is
a well-established key barrier to patient management and continued illness care in remote
Indigenous communities in Australia [59,60].
Access to local health services is essential to provide clinical support and promote
public health messages related to support physical/social distancing, hand washing and
isolation requirements during disease outbreaks. Therefore improvements to residential
environmental living conditions, and access to local health services (supported through
strengthened transportation and communication networks) can play an important role
during disease outbreaks like COVID-19, which are often unpredictable [30,61]. Despite
the fact that infections due to viral and bacterial pathogens as well as protozoan parasites
have been identified as a problem by clinicians and epidemiologists more broadly, little
attention has been given to identifying which environmental determinants influence such
infectious diseases in Australia, particularly in remote Indigenous communities. Some
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epidemiological studies, however, have examined the association between infectious dis-
ease outcomes and environmental transmission pathways such as housing, water and
sanitation, and access to health care at the wider community level [56,62,63].
The ‘community vitality’ region comprised the clusters of (1) community economic re-
sources, and (2) community services. The ‘community economic resources’ cluster includes
relevant features of remote community environments such as agricultural and processing
operations (ID# 39), local mining operations (ID# 82), open space tourist accommodation
(ID# 78) and protection of sacred sites (ID# 42). However, in an Indigenous context the
indicators within this cluster highlight deep historical contentions [64,65]. For example
there are instances where Indigenous peoples are likely to experience the burden from
resource-intensive and resource-extractive industries, such as mining, industrial fishing
and farming, eco-tourism and imposed conservation projects impacting the protection of
their important cultural sacred sites [65]. These extractive industries undermine Indigenous
peoples’ self-determination and ability, in some instances, to fulfill their cultural obligations
and care for country. The ‘community services’ cluster includes features, such as retail
shopping facilities (ID# 1) and general business services (ID# 26). In urban contexts the
availability of supermarkets and groceries, as a source of healthful food environments,
is strongly associated with lower body weight, while access to convenience stores is a
predictor of higher body weight [66]. Lower prices for vegetable and fruits, and increased
prices for fast-food meals, is also associated with significantly lower BMI [67,68]. These
findings are conceptually relevant for remote Indigenous communities in Australia which
are often limited to a single local community store with significantly higher prices for
healthful foods, and cheaper prices for fast foods [69]. Pricing and disruption in supply of
healthful foods can also be exacerbated by unreliable power supply for stores to preserve
perishables, when such food items cannot be delivered during wet season due to road
cut-off. This can have a significant influence on people’s choosing cheaper fast foods and
developing chronic disease [70].
The ‘protecting and maintaining natural environments’ region comprised the sole
cluster ‘environmental protection and climate change’. Built indicators related to the
‘environmental protection and climate change’ include features, such as environmental
protection from mining (ID# 16), energy and water conservation (ID# 37, and 45), alternative
renewable energy sources (ID# 59), and environmental education centers (ID# 53). Existing
research has highlighted the importance of environmental conservation, dust control, and
readjustment of housing infrastructure for remote communities in Australia to adapt to the
challenges of climate change [51,71]. These studies predict immense challenges for remote
Indigenous communities in the NT due to extreme weather patterns, such as increasing
temperatures, and incidence of frequent cyclones and flash flooding. The indicators rated
as important within the ‘environmental protection and climate change’ cluster may inform
future housing infrastructure development to support comfort within households, and
influence family health and wellbeing preventing chronic disease [72,73].
4.1. Implications for Public and Environmental Health Policy and Practice
In this GCM study, the frontline, managerial and policy-level workforce identified
and prioritized the indicators as most important for both chronic and infectious diseases.
Within the NT Public Health and Environmental Health portfolio, workforce members
are responsible for ensuring that business and community facilities uphold minimum
environmental health standards [74]. These standards capture features of environments
such as housing, public sanitation facilities, water supply, power supply, sewerage systems,
rubbish collection and disposal, repair and maintenance of environmental health infras-
tructure. Systematically selected built environmental indicators generated in the scoping
review [43], followed by this concept mapping study, may support the environmental and
public health sectors to identify priority indicators that can be actioned in the shorter term
(e.g., within the next 2–3 years) and the longer term (within 5–10 years). The most impor-
tant built environmental indicators identified in this research may provide an evidence
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base for the NT Department of Health to influence the broader government system through
networking, communicating, and negotiating (on behalf of the community) with regional
councils and other sections in the government system to address local-level environmental
health issues.
4.2. Strengths
Applying an iKT approach, engaging Indigenous and non-Indigenous stakeholders
in all steps of the GCM process was a key strength of this study. It ensured the relevance
of research outcomes and, the likelihood that the research outcomes would inform public
and environmental health practice [34]; and that important contextual and cultural aspects
of the local community would not be overlooked [38]. Project objectives were adjusted to
reflect stakeholder interests to include both infectious disease and chronic disease. A senior
policy officer from the NT Department of Environmental Health (N.S.) was an associate
investigator on the EnRICH project, in which this GCM study was nested, to enable timely
access to research results and inform environmental health policy actions.
The brainstorming component of the concept mapping study identified locally rel-
evant built environmental indicators from a scoping review of community and strategic
planning documents [43] with evidence of Indigenous input [75]. In our discussions, stake-
holders identified several policy and strategic planning documents developed through
community consultation. These documents included community-level environmental
factors relevant to the development of chronic disease and more broadly to community
health and wellbeing. Therefore, to capture community perspectives in existing documents,
and to avoid burdening communities with additional consultation to brainstorm ‘de novo’
built environmental indicators, a scoping review of such under-utilized publicly available
documents [43] was undertaken to identify and consolidate indicators for this GCM study.
4.3. Limitations
The first limitation pertains to sample characteristics. While this study was successful
in gaining the perspectives from the frontline and policy-level workforce, the majority of
these participants were from the government sector and were non-Indigenous. Future
concept mapping studies should attempt to recruit more participants identifying as In-
digenous and with experience working in the Indigenous community-controlled sector.
The small sample size and under-representation of Indigenous stakeholders influences the
generalizability of the findings as such may not be transferable to other remote Indigenous
communities beyond the NT. Future concept mapping studies should consider a carefully
crafted sampling plan geared towards recruiting participants with greater experience for
the sorting exercise.
Second, the final concept map represented a ‘best fit’ by aggregating the sorting
results from the 20 participants, yet it is not clear that the ‘best fit’ was achieved. For
instance, there were Indicator statement(s) within clusters, which ideally should have been
grouped, in a different cluster. One specific example is, ‘access to road ambulance and
other emergency transportation facilities’ (ID# 34) from the ‘municipal and emergency
services’ cluster, which may have been better suited for the ‘facilities for health and safety’
cluster. Statements can only be re-allocated to adjacent clusters to preserve the condition
of non-overlapping. That a ‘best fit’ may not have been achieved reflect, to some extent,
the complexity of the topic and the interpretations that were given by participants to their
‘piles’ during the sorting task.
5. Conclusions
The 9-cluster solution concept map reflects aggregated perceptions of stakeholder
participants with greater than 6 years of experience working in the government and non-
government sector in the NT. The ‘essential services’ and ‘facilities for health and safety’
clusters had the highest perceived importance ratings for infectious disease and chronic
disease respectively. The results from this study can inform public health planning efforts
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by identifying priority areas to guide the systematic collection of indicators to monitor
progress of health service provision aimed at improving environmental living conditions
and Closing the Gap in remote Indigenous communities. As a policy implication, know-
ing which aspects of community environments are perceived as most important to the
development of diseases is essential, as actions can then be taken to address those un-
healthful aspects of the environments. The findings from this research highlight the need
for future epidemiological research investigating the association between the features of
remote Indigenous community environments in the NT. The built environmental indi-
cators that emerged in the ‘Go-Zone’ analysis may provide the basis to undertake such
inferential analysis.
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